Purpose: A mapping review to quantify representation of vulnerable populations, who suffer from disparity and often inequitable healthcare, in quality improvement (QI) research. Data sources: Studies published in 2004-2014 inclusive from Medline, Embase and Cochrane databases for English language research with the terms 'quality improvement' or 'quality control' or 'QI' and 'plan-do-study-act' or 'PDSA' in the years 2004-2014 inclusively. Study selection: Published clinical research that was a QI-themed, as identified by its declared search terms, MESH terms, abstract or title. Data extraction: Three reviewers identified the eligible studies independently. Excluded were publications that were not trials, evaluations or analyses. Results of data synthesis: Of 2039 results, 1660 were eligible for inclusion. There were 586 (33.5%) publications that targeted a specific vulnerable population: children (184, 10.54%), mental health patients (125, 7.16%), the elderly (100, 5.73%), women (57, 3.27%), the poor (30, 1.72%), rural residents (29, 1.66%), visible minorities (27, 1.55%), the terminally ill (17, 0.97%), adolescents (16, 0.92%) and prisoners (1 study). Seventy-four articles targeted two or more vulnerable populations, and 11 targeted three population categories. On average, there were 158 QI research studies published per year, increasing from 69 in 2004 to 396 in 2014 (R 2 = 0.7, P < 0.001). The relative representation of vulnerable populations had a mean of 33.58% and was stable over the time period (standard deviation (SD) = 5.9%, R 2 = 0.001). Seven countries contributed to over 85% of the publications targeting vulnerable populations, with the USA contributing 62% of the studies. Conclusions: Over 11 years, there has been a marked increase in QI publications. Roughly onethird of all published QI research is on vulnerable populations, a stable proportion over time. Nevertheless, some vulnerable populations are under-represented. Increased education, resources and attention are encouraged to improve the health of vulnerable populations through focused QI initiatives.
Background
In the last two decades, quality improvement (QI) in healthcare has established itself as a discipline that aims to improve the safety, equity, effectiveness, efficiency, timeliness and patient centeredness of healthcare-the six dimensions for improvement [1] . However, some populations may be less likely to receive the best possible care and are more likely to suffer from health problems and complications [2, 3] . Indeed, healthcare disparities are common and this inequity has considerable impact on patient prognosis and risk of adverse events [5] . Specific vulnerable groups are discussed in the Institute of Medicine's 2002 report [6] . The vulnerable populations include visible minorities [7] [8] [9] [10] , elderly [11, 12] , mental health patients [13] , women [14, 15] , children [16, 17] , rural residents [18, 19] , adolescents [20, 21] , lesbian, gay, bisexual, transgender or queer (LGBTQ) community [22] [23] [24] , and the poor [25] [26] [27] .
Minorities and other vulnerable populations are generally underrepresented in clinical trials and other research [28] . These groups are less likely to be approached, to agree to participate, or to be targeted at all [29] [30] [31] [32] . This oversight may affect the generalizability of overall study findings and compromise the effectiveness of consequent health policy decisions. In QI research, it is unknown if the same is true.
The rationale for this study is to evaluate the extent to which QI research targets vulnerable populations, as QI aims to reduce inequity and to improve care for those who need it most. We set out to systematically review the medical literature for QI trials and publications, to quantify the representation of these groups, and to study temporal and geographical trends.
Methods
We conducted a mapping review of published QI research studies in the 11-year period between 2004 and 2014, inclusively. A mapping review is a systematic review that categorizes existing publications [33] . For the design and reporting, where applicable, we used the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) statement [34] . Protocol was exempt from review by hospital's Research Ethics Board (REB).
Population inclusion
Identification of potential eligible QI publications was retrieved by a medical librarian that assisted in a literature search (attached as Appendix 1). We searched the Medline, Embase and Cochrane databases for English language research studies that included the terms 'quality improvement' or 'quality control' or 'QI', and 'plan-do-studyact' or 'PDSA' in the years 2004-2014 inclusively. The selection of those terms was in purpose to include the largest potential pool of publications, as many QI studies do not clearly identify as such.
Eligible intervention
Screening criteria for eligible publications were any published clinical research that was a QI-themed, as identified by its declared search terms, MESH terms, abstract or Title. Three reviewers identified the eligible studies independently. We excluded publications that were not trials, evaluations or analyses. We also excluded publications that were quality related, but not directly related to clinical care, such as trials to improve quality of technical or laboratory work (Appendix 1).
Search outcomes
Three researchers independently reviewed the titles and abstracts to assess suitability. Those deemed to be related to QI were analysed further to extract the following information: year, research country and targeted population, if any. Vulnerable populations were defined as population likely to experience healthcare disparity: women, minorities, elderly, mental health patients, the poor, children, adolescents, rural residents, the terminally ill, prisoners and members of the LGBTQ community. In a study that targeted more than one population type (i.e. women who belong to a visible minority group), all types of population were documented. The research country was extracted from the title, the text in the abstract, the manuscript or the authors' addresses. When there was a discrepancy between the authors' addresses and the country of the study (i.e. international organization reporting on an intervention in a certain country), the place where the intervention took place was considered the 'research country'. When a multinational study was reviewed, the country that contributed the most patients was considered the research country. To solve disagreement between reviewers, the text was assessed by a third reviewer (AR) and the issue was discussed until consensus was reached.
Data were organized in a Microsoft Excel worksheet and analysed using IBM SPSS v. 22 or Excel. Our main measurement was the calculated proportions of publications targeting vulnerable populations vs no-specific population for each year of the review. Our secondary measure was change in population proportions, for which we tested the trends' correlation coefficients. For significance analysis of correlation, a two-tailed Kendall's tau test was performed with a two-tailed P < 0.05 defining significance. We hypothesized that the proportion of vulnerable populations in QI literature will be high and increasing over the years of the review.
Results
Search results are detailed in a Prisma plot in Appendix 2. Initial search strategy retrieved 3942 articles and after overlapping results were eliminated, 2039 were deemed eligible for inclusion. Of the 2039 articles, 379 articles were removed as being not QI research or research that is not on QI. Of the 1660 remaining results, 1159 (69.8%) had no specific target population and 501(30.2%) targeted at least one of our defined vulnerable patient populations. Figure 1 details the distribution of the targeted populations in the analysed articles. Seventy-four articles targeted more than one population (i.e. Children of minority Figure 1 Relative representation of vulnerable populations in QI research. Vulnerable populations defined as those detailed in the article. 'Non-specific' are other non-specified populations benefiting from the studies intervention. groups) and 11 articles targeted more than two populations (i.e. rural area-resident women of minority background).
Tables 1 details the proportions of studies targeting the populations of interest. Children were the target of 184 QI articles (10.54%), mental health patients in 125 (7.16%), the elderly in 100 (5.73%), rural residents in 29 (1.66%), the terminally ill in 17 (0.97%), the poor in 30 (1.72%), adolescents in 16 (0.92%) and prisoners in 1 study. Moreover, women were the target population in only 57 articles (3.27%), 3 of which were not on women-specific conditions (i.e.: abdominal aneurism surgery in women). Visible minorities were the target population in 27 articles (1.55%), 5 of which were on indigenous populations, 14 on African-Americans, 5 on Latin-Americans and 3 on Asian-Americans. The LGBTQ community was not the target population in any of the studies. Studies on the elderly, children and mental health patients comprised 70% of all vulnerable populations studied.
The number of QI studies increased significantly from 69 in 2004 to 396 in 2014 (R 2 = 0.76, P < 0.001). The mean number of studies published per year was 158 (standard deviation (SD) = 94). The relative representation of vulnerable populations had an overall mean of 33.4% and ranged over the period from 25.2 to 43.75% (SD = 5.9%, R 2 = 0.001, P = 0.9).
Seven countries (USA, UK, Canada, Netherlands, Australia, Germany and France) contributed to 86.5% of all QI publications targeting vulnerable populations, with the USA alone contributing 62% of the publications (Fig. 2) .
Discussion
We evaluated the representation of vulnerable populations in published QI studies over an 11-year period. We found that the yearly number of QI-related publications increased, and that approximately one-third of all QI-related publications involved vulnerable populations; this proportion was fairly stable over the evaluated time. We also show that majority of QI-related research occurs in just a few countries.
Over the past few decades, the QI movement in medicine has established frameworks, tools, organizations, and research in the science and practice of quality. Of the six dimensions of quality healthcare, inequity is one of the most complex to tackle as it is deeply rooted in society and culture. Inequity has been previously shown to be associated with worse patient outcomes [4] [5] [6] [7] [8] [9] . Indeed, healthcare issues of vulnerable populations are confounded by the overarching socio-economic reality.
Our findings are consistent with other reviews which have described the proportion of minorities and other vulnerable populations in medical research. For example, in a systematic review of cardiology trials [29] , women represented 30% of patients, while the elderly 2% and non-white ethnicities represented 6-19% of patients. Uneven representation is encountered in all disciplines of medicine. In a review of psychiatry trials [35] , 91.5% of patients were Caucasians. In a review of oncology trials, <3% of adult patients were from minority groups [36] .
Our findings show that studies targeting the elderly, children and mental health patients comprised about two-thirds of all vulnerable populations studied. In contrast, there are relatively few studies targeting improvement of care for women, minorities and rural residents considering their proportion in the population. There were even fewer QI studies targeting prisoners, the terminally ill or poor populations. There were no studies at all on the LGBTQ community. A plausible explanation is that the latter groups face more barriers to participation in studies. Having a relatively high proportion of children, elderly or psychiatric patients-targeted studies could reflect specialty divisions within medicine and specific publication within the discipline, (e.g. paediatric, geriatric literature) as compared to visible minorities or the LGBTQ community who have no specific medical discipline. However, this could not explain the paucity of woman-targeted publications. In our database, of 57 studies targeting women, 25 focused on maternity/ obstetric care, 11 on breast cancer, 7 on gynaecological cancers, 4 on general gynaecological issues and 2 studies on each of the following: cardiac disease, fertility, infectious diseases, osteoporosis and psychiatry. In comparison, in the studies not targeting women but addressing gender differences, six focused on psychiatric care, two on cardiac care and one on diabetes management. While women reproduction, pregnancy and female organs are a specific medical subspecialty, women's health is not. In our analysis, we considered any gynaecological or obstetric articles as targeting women, making the women healthspecific QI studies even rarer. Due to the recognized healthcare disparity and different health outcomes women encounter, we believe this paucity is important to demonstrate. Mapping the countries involved, our study also demonstrated that the largest contributors to QI publications are few countries, of which the USA was the most productive. The distribution of countries contributing to the QI literature is similar to their contribution to general medical research, in which OECD countries contribute to a significant part of published medical literature. For example, the United States contributed to 30% of the medical literature in 1996-2014, and when combined with the UK, Germany, and Japan, they accounted for 52%. In our study, the main contributors were US, UK, Canada, Netherlands, Australia, Germany, France and China. We think this is reflective of the US-based origins of the QI movement and its initial spread through the English-speaking medical community. Our results also demonstrate a paucity of QI work in lower income countries in general, and in particular, on women's health in those countries. Women, as are other minority groups, are especially vulnerable in low resource settings, and would benefit greatly from different improvement initiatives as demonstrated in some national-level initiatives [37] .
One of the strengths of our study is that it maps a long timespan, 11 years, and includes a large number of trials and publications. It identifies the most active countries and demonstrates the local focus on vulnerable populations QI research. Moreover, our study measures trends that can inform future research directions.
Our work has limitations that merit acknowledgement. We used pragmatic inclusion criteria for the analysis with studies and publications included if their authors identified them as QI interventions. This may omit studies that have clear QI purposes but have not been titled or MeSH-marked as such. Previous studies on the matter have indeed demonstrated that some studies might be missed due to inconsistent QI terms [38] , this is in the context of increased awareness among researchers and clinicians of the QI movement. Also, for convenience purposes, we did not include publications in languages other than English. Although, exclusion of non-English literature has its limits [39] , given that much of medical literature is in English, we assume that it is unlikely to significantly alter our main conclusions. To support this, the search term 'Quality improvement' in PubMed contains only 5% of its results in non-English languages [40] . Another limitation would reflect a type of publication bias. Specifically, QI work may be occurring in many places and focused on many populations but is not published, or not published because of negative results [41] . Our methods could not account for these efforts as they are difficult to identify and to quantify, and are lacking the peer-review process of a formal scientific publication.
Our results reflect the status of QI publications where the majority do not specifically target vulnerable populations. We have demonstrated a persistent focus in the QI literature on the typical patient which could be considered the 'low hanging fruit' for research. We suggest that our results can encourage QI researchers to focus on vulnerable groups that, although more challenging to access, might benefit greatly from improved healthcare and reduced inequity in healthcare delivery. While, QI interventions may benefit the general population, efforts targeting particular populations may have an even larger impact when they address a specific underprivileged population to increase effectiveness and reduce disparity [42, 43] .
Our study demonstrates an increasing number and consistent proportion of QI research that specifically targets vulnerable populations. However, some of these populations are relatively underrepresented. We also found that only a few countries are responsible for the bulk of QI research. We suggest that future endeavours should focus on allocating education and resources towards targeting vulnerable patient groups and that this happens on a more global scale. Indeed, efforts are being done to address this issue [44] . In this way, QI research can help get the right care to the right person at the right time.
